

















• Introducidos en sistemas de cultivo para aumentar la 







Control de malas hierbas plagas y enfermedades    ,   
Reducir la lixiviación de nitratos































Estudiar el efecto de reemplazar el barbecho con cultivos
cubierta en sistema intensivos de regadío    .
Nos centramos en sistemas de cultivo de maíz:
‐ productividad del cultivo y N absorbio por el CC y maiz
‐ eficiencia de uso del N y fertilizante recuperado
‐ acumulación de N mineral en el suelo
‐ balance de agua y lixiviación nitratos
Farm “La Chimenea” Location: Aranjuez, Taxus river Valley
Climate: Dry Mediterranean, monoxeric (June-Septembre)
•Mean temperature: 20.5 ºC, maximum ,14 ºC and minimum 6.5 ºC




























m ‐Main crop: maize (cv G‐98 Pioneer)   
cycle 700               
‐ N fertilizer application (NH4NO3):
V4: 140 kg N ha‐1
V8: 70 kg N ha‐1





ETc 643.7  624.9  716.1 
Irrigation 575.7  533.7  656.4 
Rain 106.6  142.0  45.4 
Total water input 682.3  675.7  701.8 























m ‐ Factors: 3 cover crops
fallow
Cover crop Cultivar Sowing
rate
Barley Hordeum vulgare L. Clarine 180 kg ha-1
Vetch Vicia villosa L. Vereda 140 kg ha-1







Labeled 15NH415NO3 (2.5 atom % 15N)
Maize:               April October









2006 2007 2008 2009 2010 
Oct Oct Oct Oct Ap Ap Ap Ap 
Cover crops Maize Cover crops Maize Cover crops Maize Cover crops 
Soil NMIN1.2 m: KCl extracts in 0.20 m intervals (NH4++NO3‐)
Plant biomass CC: aerial 4 x 1 m2 per plot; roots in soil cores down to 0.4 m
Maize yield and biomass: central fringe of 14 m2 per plot (10 x 1.4 m2)
Plant N and C concentration: dry combustion of plant components
15N by mass spectrometry: plant and soil samples from microplots
Crop N uptake =Σ (Biomass x Plant N concentration)components
Material and methods
N15 Microplots (2 x 1.25 m2)
Labeled 15NH415NO3 (2.5 atom % 15N)
T li ti V4 140 k N h 1
Year 2
Year 1














2006 2007 2008 2009 2010 
Oct Oct Oct Oct Ap Ap Ap Ap 
Cover crops Maize Cover crops Maize Cover crops Maize Cover crops 
Soil NMIN1.2 m: KCl extracts in 0.20 m intervals (NH4++NO3‐)
Plant biomass cover crops: 1 m2 per plot (4 x 0.25 m2)
Maize yield: central fringe of 14 m2 per plot (10 x 1.4 m2)
Plant N and C concentration: dry combustion of plant components
Soil water content (SWC1.2 m): FDR in 0.20 m intervals
Soil solution in ceramic cups at 1.2 m: determination of [NO3‐]
15N by mass spectrometry: plant and soil samples from microplots
Soil water content ‐12 access tubes for FDR sensors (EnviroSCAN®)‐Sensors at 10, 30, 50, 70, 90, 110 y 130 cm










Outputs: Crop evapotranspiration (ETc)
‐ Nitrate leaching:




Cumulative nitrate leaching = Σ (nitrate leaching intervals)
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Direct estimation of crop parameters: Kc, LAI, effective rooting depth
Monitoring of ground cover (GC) base on digital image analysis
Material and methods
GC Kc FAO method (Allen et al., 1998)LAI estimated by (Ramírez et al., 2012)
‐ Four images of 1 m2 per plot
‐ Every other week
Effective rooting depth
Material and methods
Direct estimation of crop parameters: Kc, LAI, effective rooting depth
PlateauDecrease






‐ Bulk density (estimation of soil saturation water content θs)‐ Hydraulic conductivity (ks ) in disturbed soil samples
Residual soil water content (θ ) from sensor readings
Direct estimation of soil parameters
Material and methods



































Cover crops biomass Cover crops N content
Results




N Concentration  (%) N Content (kg N ha-1)
Above Above







Grain Biomass Above ground
Vetch 12546 24129 1.16 0.49 168.7 44.8 213.5
2007 Barley 12922 25243 1.20 0.40 179.0 40.1 219.1
Fallow 12351 24646 1.22 0.48 175.1 47.8 222.9
Vetch 11590 22195 1.36 0.66 157.3 66.3 223.6
2008 Barley 11708 21805 1.30 0.61 151.4 58.2 209.6
F ll 11438 22281 1 30 0 61 147 3 61 4 208 8a ow . . . . .
Vetch 11831 22477 1.35 0.72 158.7 a 71.2 230.0 a
2009 Barley 9796 18792 1.35 0.75 129.0 ab 63.2 192.2 ab










15N recovered from fertilizer by maize and NOS
Results
ha- )Year Treatment Grain Biomass Grain Biomass Total
Vetch 1.10 1.07 66.9 17.2 84.1 40.0 129.4
2007 Barley 1.18 1.18 79.2 17.7 97.0 46.2 122.1
Fallow 1.13 1.10 77.8 20.9 98.7 47.0 124.2
Vetch 1.17 b 1.19 b 69.1 29.8 99.0 47.1 124.6 a
2008 Barley 1.27 a 1.29 a 77.0 30.6 107.6 51.2 102.0 b
Fallow 1 29 a 1 29 a 73 7 30 4 104 1 49 6 104 7 b. . . . . . .
Vetch 1.16 b 1.19 b 68.2 31.9 100.1 47.7 129.9 a
2009 Barley 1.29 a 1.33 a 62.4 31.5 93.9 44.7 98.3 b
Fallow 1.23 ab 1.29 a 53.5 31.2 84.8 40.4 87.7 b




After maize After cover crops
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19/10/2006 (mm) 11/11/2006 (mm) 14/02/2007 (mm) 13/04/2007 (mm)
1



































































Bare Soil Barley Vetch Rapeseed
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Validation WAVE model (Cef = 0.89; RMSE = 6.7 mm)
Drainage periods simulated ~ Drainage periods based on suction cups




Maize Cover crops Maize Cover crops Maize 
2008 2009 2010 













































       
implementación de las estrategias para reducir las pérdidas de nitrógeno al 










































































































Maíz (línea negra) vs. Maíz‐CC (línea marrón)
NDICEA: Aranjuez
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